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EFFECTS OF LAYING HEN MANURE APPLICATION
RATE ON WATER QUALITY
A. J. Chinkuyu,  R. S. Kanwar,  J. C. Lorimor,  H. Xin,  T. B. Bailey
ABSTRACT. Excessive use of animal manure on agricultural lands can impact the quality of surface and groundwater
resources. A three–year study (1998–2000) was conducted on nine 0.4–ha plots and on six 2.1–m2 lysimeters to investigate
the effect of two nitrogen (N) application rates from laying hen manure and one N application rate from urea ammonium
nitrate (UAN) fertilizer on surface and groundwater quality. Experimental treatments included N application rates of
168 kg–N/ha from UAN fertilizer, and 168 kg–N/ha and 336 kg–N/ha from laying hen manure to corn plots. Subsurface drain
and runoff water samples were collected and analyzed for nitrate–nitrogen (NO3–N) and orthophosphate (PO4–P). Results
of this study indicate that application of hen manure at 336 kg–N/ha resulted in the highest average NO3–N and PO4–P
concentrations in subsurface drain water in comparison with the application of 168 kg–N/hafrom either hen manure or UAN
fertilizer. Application of manure at 168 kg–N/ha resulted in significantly lower NO3–N loss with subsurface drain water in
comparison with NO3–N loss from the other two N treatments. Manure application at a rate of 336 kg–N/ha resulted in a higher
concentration of PO4–P in surface runoff in comparison with manure application rate of 168 kg–N/ha. Application rate of
manure had no significant effect on NO3–N concentration in surface runoff water. In addition, higher PO4–P losses were
observed with surface runoff water in comparison with subsurface drain water. The use of manure at both low and high
application rates in field plots resulted in significantly higher corn and soybean yields in comparison with the use of UAN
fertilizer. Results of this study led to the conclusions that application of hen manure at a lower rate of 168 kg–N/ha can result
in higher crop yields and minimal water pollution in comparison with same amount of UAN fertilizer or higher manure
application rate.
Keywords.Lysimeter, NO3–N, Poultry manure, Subsurface drainage.
he poultry industry is one of the largest and fastest
growing sectors in the world, with meat and egg
production growing at an annual rate of
approximately  5% (Sims and Wolf, 1994). In
January of 2000, Iowa ranked first in the nation in layer
production (Iowa Agricultural Statistics, 2001). The poultry
industry in Iowa also produces a large volume of manure,
which is generally a combination of the bedding material and
poultry excreta or a mixture of poultry excreta, feathers,
waste feed, and bedding material (Evers, 1998). The
importance of poultry manure (PM) as a nutrient source for
corn and small grain crops, fruits, and vegetables has been
documented (Abregts and Howard, 1981; Edwards and
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Daniel, 1992; Wood et al., 1996). But the transport of PM
constituents from application sites into downstream rivers
and lakes is of increasing environmental concern in regions
having concentrated poultry production and intensive crop
production. A number of studies have shown that if PM is
applied at excessive rates to cropland, then instead of
nourishing the crops, the nutrients in the manure become
sources of pollution (Edwards and Daniel, 1992; Fulhage,
1993; Giddens and Barnett, 1980).
Liebhardt et al. (1979) reported that PM applied at a rate
of 179 Mg/ha resulted in nitrate–nitrogen (NO3–N) con-
centrations in groundwater ranging from 65 to 174 mg/L at
3–m depth in comparison with 7 to 15 mg/L from plots where
no manure was applied. McLeod and Hegg (1984) found that,
on the average, plots treated with PM contained higher
concentrations of total Kjedahl nitrogen, ammonium–nitro-
gen (NH4–N), NO3–N, and phosphate–phosphorus (PO4–P)
in surface runoff water, in comparison with plots treated with
commercial fertilizer. Ritter and Chirnside (1984) found that
high NO3–N concentrations occurred in areas with intensive
broiler chicken production and intensive crop production.
Because manure application is based on nitrogen (N),
long–term application of PM results in increased concentra-
tions of phosphorus (P) in soils above the range necessary for
optimum crop growth. This leads to increased concentrations
of P in surface runoff and subsurface drainage water
(Sharpley, 1999). Baker et al. (1975) found that the average
soluble P concentration in tile drains was about 0.09 mg/L,
whereas the concentration in surface runoff from corn and
soybean fields and a pasture averaged 0.38 and 0.96 mg/L,
T
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respectively. Most previous research and nonpoint source
control efforts have emphasized P losses with surface erosion
and runoff because of the relative immobility of P in soils
(Fulhage, 1993; Giddens and Barnett, 1980). Consequently,
P leaching to subsurface drain water has rarely been
considered an important pathway for the movement of
agricultural  P to surface waters. But there are situations
where environmentally significant leaching of dissolved
organic P in the soil profile of agricultural lands has occurred.
For example, intensively cultivated soils, deep sandy soils,
soils with high organic matter content, or soils with high P
concentrations from long–term over–fertilization or exces-
sive use of manure resulted in high leaching of dissolved P to
subsurface drain water (Heckrath et al., 1995; Sims and Wolf,
1994).
Increasing concentrations of poultry operations have
made application and disposal of large volumes of PM
difficult. In many cases, there is not enough land for
spreading all the PM generated without adversely impacting
surface and groundwater resources or creating nuisance
conditions for neighbors. In order to minimize environmental
problems associated with the application of manure to
cropland, Ritter (1988) suggested nutrient management as a
possible solution. The author suggested the following best
management  practices (BMPs) to emphasize nutrient man-
agement: apply only enough manure to be removed by the
crop, analyze nutrients in the manure, test the soil, calibrate
the manure spreader, and time the manure application. These
BMPs were suggested because the amount of NO3–N and
PO4–P found in surface and groundwater have been linked to
the amount of N and P applied on the land (Ritter and
Chirnside, 1984; Hallberg, 1986). It was therefore important
to determine the right amount of PM that could be applied on
agricultural land to achieve the benefits of receiving all plant
nutrients from the manure and at the same time protecting the
environment.  In Iowa (as one of the areas with intensive
poultry and crop production), information on the potential
impacts of the application of PM on surface and groundwater
quality was minimal. Long–term research was therefore
needed to understand the effects of laying hen manure
application on water quality for Iowa soils.
The overall objective of this study was to determine the
effects of two N application rates from manure obtained from
high–rise laying hen houses and of one Iowa–recommended
N application rate of urea ammonium nitrate (UAN) fertilizer
on the transport of NO3–N and PO4–P with subsurface drain
water and surface runoff to larger water bodies in Iowa.
MATERIALS AND METHODS
DESCRIPTION OF THE EXPERIMENTAL SITE
The study was conducted at Iowa State University’s
Agronomy and Agricultural Engineering Research Center
(AAERC) near Ames, Iowa. The site is located on Nicollet
loam soil formed in glacial till under the prairie vegetation
with an organic matter content of about 4% and a maximum
slope of 1% (Kanwar et al., 1988). Nicollet soils are
characterized  as moderately permeable and somewhat poorly
drained. Nine 0.4–ha field plots and six 2.1–m2 field
lysimeters, each with a single subsurface drain, were
established in 1984 and 1992, respectively. All field plots and
lysimeters were instrumented with individual sumps, subsur-
face drainage metering, and monitoring devices for collect-
ing water samples for water quality analysis. Subsurface
drains were intercepted at the end of each plot by sumps
installed for collecting water samples (Kanwar et al., 1988;
Blanchet, 1996). Each sump was provided with a V–notch
weir for measuring subsurface drain flow as a function of
time. No sump was installed in the control (check) plot
(where no manure or fertilizer was applied) until fall 1999.
Two plots were also instrumented with ISCO flow meters on
H–flumes to automatically measure surface runoff and
collect surface runoff water samples for quality analysis.
These H–flumes were installed in plots having two different
N application rates from PM. Therefore, data on subsurface
drain flow rates and surface runoff were collected from the
plots as soon as the subsurface drains started flowing in spring
or when there was a runoff event. Details on the construction
of the sumps and subsurface drain water sampling procedures
are given by Kanwar et al. (1988).
The lysimeters were arranged in two rows, spaced at
3.81 m between rows and between lysimeter boxes within
rows. Each lysimeter is 2.28 m long, 1.5 m deep, and 0.91 m
wide. The lysimeters are sealed on the sides and at the
bottom. During the construction of the lysimeters, soil was
dug using a gravedigger and separated into 0.15–m layers for
each of the top 0.6 m and then into 0.3–m layers down to a
depth of 1.6 m. This created a hole in the ground with
dimensions of 2.4 m long, 1.6 m deep, and 1 m wide. A
prefabricated lysimeter box was then placed in this hole. A
water sump was placed at one end, inside the lysimeter box,
and then a 0.1–m diameter porous drain tile was connected
to the base of the sump. After the sump and drainage tile were
installed, the soil was repacked in the lysimeter box layer by
layer, according to the original bulk densities of the vertical
soil profile. A detailed description of the lysimeter construc-
tion and installation is given by Blanchet (1996).
EXPERIMENTAL TREATMENTS
Beginning in 1998, corn was grown on one half of each
plot and soybeans on the other half so that corn–soybean
rotation could be practiced in the same plot in the same year.
Corn has been grown in all lysimeters since 1993. One half
of each field plot, where corn was grown in the previous year,
was tilled every fall using a chisel plow, which ensured that
about 30% of the crop residue was left on the surface. There
was no fall tillage on the other half of each plot where
soybeans were previously grown. The top 12 cm of the
lysimeter soil was tilled using a hand shovel and a rake.
Tillage was done in such a way that about 30% of the crop
residue remained on the lysimeter surface as well.
During the three growing seasons (1998–2000), N ap-
plications to plots and lysimeters included 168 kg–N/ha from
liquid UAN fertilizer, denoted as UAN1X; 168 kg–N/ha from
laying hen (poultry) manure, denoted as MN1X; and
336 kg–N/ha from laying hen manure, denoted as MN2X.
Manure and UAN fertilizer were applied to subplots where
corn was to be grown (i.e., subplots previously grown to
soybeans). One plot was used as a control (check) where no
fertilizer or manure was applied. The characteristics of the
manure applied during the three years are given in table 1.
The actual amounts of N applied to the plots were different
from the desired N application rates because the N content in
the manure (determined at the beginning) used in the
calibration of the manure spreader was different from the N
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Table 1. Characteristics of the laying hen manure applied during the study period.
Nitrogen treatments for three years
MN1X MN2X
Characteristics 1998 1999 2000 1998 1999 2000
Plots
Average manure application rate (kg/ha) 10847 10337 6093 23613 15248 12187
Average N application rate (kg–N/ha)[a][b] 115 219 117 254 324 324
Total Kjedahl N (TKN) (%N) 1.49 2.98 2.68 1.51 2.98 3.73
Ammonia (NH3) (%N) 1.11 0.74 0.72 0.52 0.82 0.78
Total phosphorus (% P) 1.00 4.37 3.94 0.94 4.21 3.76
Potassium (%K) 1.43 2.29 2.41 1.25 1.86 2.25
Moisture content (%) 48 45 33 47 55 32
Lysimeters
Average manure application rate (kg/ha) 15714 7952 6000 31714 15905 12000
Average N application rate (kg–N/ha)[b] 167 169 162 337 338 325
Total Kjedahl nitrogen (TKN) (%N) 1.49 2.98 3.80 1.49 2.98 3.80
Ammonia (NH3) (%N) 1.11 0.82 0.66 1.11 0.82 0.66
Total phosphorus (% P) 1.00 4.21 3.73 1.00 4.21 3.73
Potassium (%K) 1.43 1.86 2.37 1.43 1.86 2.37
Moisture content (%) 48 55 28 48 55 28
[a] Assumed 5% N lost during application; 75% N available during the first year. In subsequent years, no credit was given for residual N from the manure or N
from soybeans.
[b] Intended N application rates from layer manure were 168 kg–N/ha and 336 kg–N/ha; however, actual N application rates averaged MN1X = 150 kg–N/ha
and MN2X = 300 kg–N/ha for the field plots; MN1X = 166 kg–N/ha and MN2X = 333 kg–N/ha for the lysimeters.
content determined at the time of application. Intended N
application rates from layer manure were 168 kg–N/ha and
336 kg–N/ha for MN1X and MN2X, respectively. However,
actual N application rates averaged MN1X = 150 kg–N/ha
and MN2X = 300 kg–N/ha for the field plots; and MN1X =
166 kg–N/ha and MN2X = 333 kg–N/ha for the lysimeters.
Immediately  after the application of the manure and UAN
fertilizer, the soil was tilled/disked to incorporate the manure
and UAN fertilizer into the top 0–15 cm of the surface soil in
order to minimize N loss through volatilization. The three N
treatments were randomly assigned to lysimeters and field
plots. For each growing season, each treatment was repli-
cated twice in the lysimeter experiment. For the field plots,
the treatments of MN1X and MN2X were each replicated
three times, while the treatment of UAN1X was replicated
twice. There was no replication for the check plot because of
lack of field plots. There was an unbalanced experimental
design for the plots because the water monitoring equipment
was preinstalled in 1984 in a limited number of plots and
because of lack of additional land.
PLANTING AND HARVESTING OF CORN AND SOYBEANS
In the field plots, corn (Dekalb 580) was grown on one half
of each plot and soybeans (Kruger 2426) on the other half, so
that a corn–soybean rotation could be practiced in the same
plot. Manure and UAN fertilizer were applied before planting
corn. Only corn was grown in the lysimeters, and one seed
was planted per station at a spacing of 0.75 m between rows
and 0.2 m within rows. During the 1998 growing season,
rodents ate some corn seeds sown in the lysimeters, which
required transplantation of corn plants to the lysimeters from
the adjoining field plots. The transplanted corn had some
stressed growth at the beginning of the season. Planting,
harvesting, and manure and fertilizer application dates are
given in table 2. Corn and soybean yields were determined at
harvest time and were adjusted to 15.5% moisture content
(wet basis). Corn and soybean samples were also analyzed for
oil, protein, and starch contents using near–infrared spectros-
copy to determine if laying hen manure has any effect on
grain quality.
ANALYSIS OF N CONCENTRATION IN CORNSTALKS
Eight–inch segments of cornstalks between 15 and 36 cm
above the soil surface were sampled from each plot and
lysimeter during harvest. Fifteen samples were collected
from each plot, and twelve samples were collected from each
lysimeter. These samples were used to analyze N concentra-
tion in the stalks. This test was conducted in order to assess
Table 2. Dates of field activities in plots and lysimeters in 1998, 1999, and 2000.
Field Plots Field Lysimeters
Activity 1998 1999 2000 1998 1999 2000
Fertilizer/manure application 1 May 4 May 13 April 20 May 5 May 14 April
Incorporating manure 1 May 4 May 13 April 20 May 5 May 14 April
Planting corn 8 May 10 May 8 May 21 May 10 May 8 May
Planting soybean 8 May 10 May 8 May –– –– ––
Cultivating in corn plots 23 June 16 June 13 June 20 June 29 June 13 June
Cultivating in soybean plots 9 July 28 June 13 June –– –– ––
Harvesting soybeans 28 Sept. 12 Oct. 20 Sept. –– –– ––
Harvesting corn 19 Oct. 14 Oct. 20 Sept. 5 Oct. 12 Oct. 21 Sept.
Cutting stalks 25 Oct. 18 Oct. –– –– –– ––
Chisel plowing 6 Nov. 12 Nov. –– 20 May 5 May ––
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the effect of chicken manure and UAN fertilizer on the
availability  of N to the plants. Corn plants suffering from
inadequate N availability remove N from the lower corn-
stalks and leaves during the grain–filling period. However,
corn plants that have more N than needed to attain maximum
yields accumulate N in their lower stalks at the end of the
season (Blackmer and Mallarino, 1996).
ANALYSIS OF NO3–N AND PO4–P IN SURFACE RUNOFF AND
SUBSURFACE DRAIN WATER
Water samples were taken from subsurface drains and
lysimeter sumps once a week and a day after rainfall.
Lysimeter sumps were emptied and samples were collected
near the end of each pumping cycle to minimize contamina-
tion across samples. The amount of subsurface drainage from
lysimeters was determined by weighing the water on a
balance. Surface runoff samples were collected using
automatic ISCO flow meters installed on H–flumes at the
lower end of two plots. The meters automatically and
cumulatively  measured the amount of runoff produced in the
plots, and runoff samples were taken after every 1200 L until
runoff stopped.
Water samples were analyzed for NO3–N concentration in
the National Soil Tilth Laboratory in Ames, Iowa. NO3–N
concentrations in subsurface drainage and runoff water were
analyzed using an automated Technicon Autoanalyzer II.
Water samples were also analyzed for PO4–P in the Water
Quality Laboratory of the Agricultural and Biosystems
Engineering Department at Iowa State University. The
PO4–P concentration in the water was determined using the
phosphomolybdate ascorbic acid method (Hach Co., 1997).
Monthly NO3–N and PO4–P losses from plots and lysimeter
sumps were calculated by summing the product of weekly
total flow and the NO3–N or PO4–P concentrations of each
sample taken that week. The monthly value was divided by
the area of the plot or lysimeter to determine nutrient loss per
unit area. Weekly flow–weighted average concentrations
were calculated by summing the weekly NO–3–N or PO4–P
loss and dividing the sum by the total flow for the week.
STATISTICAL ANALYSIS
All treatments were randomly assigned to field plots and
lysimeters. Unbalanced experimental design (unequal num-
ber of plots) was used in the field plot experiment. The
experiment was unbalanced because land was limited and
water quality monitoring equipment was preinstalled in the
field plots. In the lysimeter experiment, a complete random-
ized design was used, and each treatment was replicated
twice. Observations from each treatment in both plots and
lysimeters were considered independent. Analysis of vari-
ance was used to analyze annual as well as three–year
average NO3–N and PO4–P concentrations and losses,
amount of subsurface drain flow, grain quality parameters
(oil, starch, protein), stalk N, and yields (SAS, 1985). F–tests
were performed on all treatments to test if N application had
any effect on the variables above. If an F–test was not
significant,  then no t–tests were made, and the treatment
means were regarded as indistinguishable. If an F–test was
significant,  then the ordinary t–test for the difference
between two treatment means was applied to every pair of the
treatment means. Any two treatment means whose difference
exceeded a critical t–value (at significance level of 0.05 and
based on degrees of freedom) were declared significantly
different.
RESULTS AND DISCUSSION
EFFECT OF LAYING HEN MANURE ON CROP YIELDS
The yields of corn and soybeans from field plots and
lysimeters under different N treatments are shown in table 3.
Corn yields from plots treated with manure were significant-
ly higher in comparison with corn yields from check plots or
plots treated with UAN fertilizer. The presence of P and K in
the manure could have contributed to higher yields in the
manure treatments when compared with the UAN or check
plots, which had no P or K applied. Three–year average corn
yields from lysimeters treated with MN2X were significantly
higher in comparison with yields from the lysimeters treated
with UAN1X or MN1X. In 1998, however, corn yields from
some lysimeters were lower in comparison with field plot
averages because corn plants had to be transplanted (after
rodents ate the corn seeds), which resulted in some stressed
growth at the beginning of the growing season. In addition,
the lower corn yields from the lysimeters could be due to the
effect of continuous corn cropping as opposed to corn–soy-
bean rotation, whereby soybeans fix some N that can be used
by corn in the following year.
Although soybeans did not receive any N applications,
soybean yields from plots treated with poultry manure in the
previous year were significantly higher in comparison with
yields from check plots or plots previously treated with UAN
(table 3). The effect of manure on soybean yields was
indicated in 2000. Soybean yield response in 1999 and 2000
could possibly be due to the carryover of soil N from N
applications in 1998 and 1999. An analysis of grain quality
indicated that the application of manure to plots and
lysimeters had no significant effect on the quality of soybeans
or corn grains in terms of protein, starch, and oil contents
Table 3. Corn and soybean yields (in kg/ha) from plots and lysimeters
under different N treatments during the study period.
Nitrogen Treatments[a]
Year CHECK UAN1X MN1X MN2X
Corn from plots
   1998 4085c[b] 8414b 9448a 9138a
   1999 5460c 9131b 10479a 10636a
   2000 6548c 8754b 10115a 10058a
   3–year avg. 5364c 8766b 10014a 9944a
Soybean from plots
   1998 3567a 4083a 3966a 4303a
   1999 3526a 3652a 3930a 3975a
   2000 2333c 2778b 3355a 3372a
   3–year avg. 3142c 3504bc 3750a 3883a
Corn from lysimeters
   1998 ––[c] 3798c 5460b 9790a
   1999 –– 7450b 8603a 10003a
   2000 –– 5989b 7003b 9967a
   3–year avg. –– 5746b 7022b 9920a
[a] CHECK = 0 kg–N/ha; UAN1X = 168 kg–N/ha from UAN fertilizer;
MN1X = 168 kg–N/ha from layer hen manure; MN2X = 336 kg–N/ha
from layer hen manure.
[b] Values in the same row followed by the same letter are not significantly
different at significance level of P < 0.05.
[c] “
––” means no data.
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Table 4. Concentration of N in cornstalks and quality of corn and soybean grains from plots and lysimeters under different N treatments.
Plot Experiment[a] Lysimeter Experiment
Year CHECK UAN1X MN1X MN2X UAN1X MN1X MN2X
Corn, Stalk N concentration (mg/L)
   1998 38 186 763 3299 19 9 100
   1999 15 784 2686 3895 5 6 13
   2000 30 505 1892 3680 50 100 200
   3–year avg. 28c[b] 492c 1780b 3625a 25d 38d 104c
Corn, Protein content (%)
   1998 5.6 7.0 6.7 7.3 9.1 7.8 8.6
   1999 6.3 7.1 7.3 7.6 6.6 5.6 7.0
   2000 7.6 8.7 8.4 8.6 8.8 7.0 8.1
   3–year avg. 6.5a 7.6a 7.5a 7.8a 8.1a 6.8a 7.9a
Corn, Starch content (%)
   1998 62.0 61.7 61.7 61.4 61.1 61.7 61.3
   1999 62.4 61.7 61.3 61.3 62.3 63.0 62.0
   2000 61.0 60.0 60.6 60.3 60.4 61.5 61.0
   3–year avg. 61.8a 61.1a 61.2a 61.0a 61.2a 62.0a 61.4a
Corn, Oil content (%)
   1998 3.5 3.3 3.5 3.5 2.9 3.2 3.1
   1999 3.8 3.7 3.9 3.8 3.7 3.9 3.7
   2000 2.9 3.1 3.1 3.1 2.7 2.8 2.6
   3–year avg. 3.4a 3.3a 3.5a 3.4a 3.1a 3.3a 3.1a
Soybeans, Protein content (%)
   1998 35.8 35.7 35.7 35.4
   1999 36.3 36.1 36.0 36.0
   2000 35.8 36.0 36.1 36.9
   3–year avg. 36.0a 35.9a 35.9a 36.1a
Soybeans, Oil content (%)
   1998 18.8 18.1 18.1 18.0
   1999 16.4 16.3 16.4 16.3
   2000 16.2 16.2 16.1 16.6
   3–year avg. 17.1a 16.9a 16.9a 17.0a
[a]
 CHECK = 0 kg–N/ha; UAN1X = 168 kg–N/ha from UAN fertilizer; MN1X = 168 kg–N/ha from layer hen manure; MN2X = 336 kg–N/ha from
layer hen manure.
[b]
 Values in the same row followed by the same letter are not significantly different at significance level of P < 0.05.
(table 4). However, in 1999, starch content in corn grains
from lysimeters and protein content in soybeans were
relatively higher (not significant) when compared with the
results of 1998 and 2000.
There were no significant differences in the concentration
of N in cornstalks from all lysimeters (table 4). Cornstalks
from lysimeters under all N treatments had stalk N concentra-
tions less than 250 mg/L. These low concentrations indicate
low soil N due to high N losses through subsurface drainage
and high probability that greater availability of N would
result in higher yields. The low N concentrations in
cornstalks from lysimeters could be due to the effect of
continuous corn, which needs more N application in
comparison with N requirements under corn–soybean rota-
tion. Cornstalks from plots treated with MN2X had signifi-
cantly higher N concentrations (greater than 2000 mg/L)
when compared with other N treatments because the high
application of PM to the plots resulted in more N in the soil
than the crop needed. Cornstalks from plots treated with
MN1X had optimal stalk N concentrations (700 to
2000 mg/L), whereas cornstalks from plots treated with
UAN1X had marginal stalk N concentrations (250 to 700
mg/L). The low N concentrations in the stalks from the UAN
treatment suggest high N losses; hence, corn plants had
inadequate N availability and consequently resulted in low
yields.
EFFECT OF LAYING HEN MANURE ON SURFACE RUNOFF AND
SUBSURFACE DRAIN WATER FLOW
The long–term (40–year) average annual precipitation at
AAERC is about 81 cm. Annual total precipitation values
during 1998, 1999, and 2000 were approximately 80, 95, and
68 cm, respectively. As would be expected, the timing and
amount of rainfall during the growing season greatly affected
the volume of water as well as the amount of chemicals
moving through the soil profile and into the subsurface drain.
Plots treated with UAN1X or MN2X gave the highest
three–year average subsurface drain flow in comparison with
plots treated with MN1X (table 5). The year 2000 was
relatively dry compared with 1998 and 1999, and only four
tile drains flowed (one from each treatment). Although slight
differences in topography exist from plot to plot, the variation
in total subsurface drain flow from plots was due to different
hydraulic properties of the soil layers. Variable conductivi-
ties affect the proportion of water that percolates through the
soil profile to the water table, where it is intercepted by the
subsurface drains.
Four, five, and three runoff events occurred in field plots
in 1998, 1999, and 2000, respectively. The runoff events that
occurred in 2000 were not measured by the flow meter due
to some leakage at the flume. In 1999, plots treated with
MN1X produced relatively higher runoff amounts in
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Table 5. Monthly subsurface drain flow, NO3–N concentrations, and losses with subsurface drain
and surface runoff water from plots under different N treatments.
Tile Flow (cm) NO3–N Concentration (mg/L) NO3–N Loss (kg/ha)
Year and Month UAN1X[a] MN1X MN2X CHECK UAN1X MN1X MN2X UAN1X MN1X MN2X
Subsurface drain water
1998 Mar. 1.6 0.7 1.3 ––[c] 17.0 9.2 13.7 2.6 0.7 1.6
Apr. 1.9 3.2 5.5 –– 16.3 12.6 17.8 2.8 4.5 11.2
May 3.2 2.2 4.9 –– 18.3 13.3 17.3 5.7 2.9 7.9
June 11.5 6.5 10.0 –– 20.8 17.5 23.8 24.3 13.7 24.7
July 6.0 3.5 2.8 –– 19.3 15.9 22.3 11.8 5.7 5.6
Avg. 24.1a[b] 16.1b 24.5a –– 18.9a 14.6b 20.2a 47.1a 27.5b 51.0a
1999 Apr. 5.4 3.4 4.9 –– 19.2 19.4 32.1 10.3 6.5 17.0
May 5.2 4.1 5.0 –– 21.9 22.9 31.4 12.0 9.3 15.9
June 7.6 3.9 5.0 –– 22.6 22.2 31.6 17.2 8.2 16.3
July 1.3 0.6 2.0 –– 21.5 15.6 28.7 1.4 1.1 5.5
Aug. 0.3 0.5 0.5 –– 12.4 10.9 23.7 0.7 0.6 0.9
Avg. 19.8a 12.5b 17.4b –– 20.8b 20.3b 30.9a 41.6a 25.7b 55.7a
2000 May 0.7 0.1 0.2 11.4 14.6 13.6 40.3 1.0 0.2 0.8
June 1.6 0.4 1.4 7.8 23.1 15.7 46.4 3.8 0.6 6.9
July 0.02 0.03 0.1 6.7 23.5 12.1 46.3 0.1 0.01 0.2
Avg. 2.3a 0.6a 1.6a 9.0d 21.0b 14.3c 44.1a 4.8a 0.9b 7.9a
3–year avg. 15.4a 9.7b 14.5a 9.0c 19.9b 17.1b 26.8a 31.2a 18.0b 38.2a
Runoff water
1998 May –– 0.5 0.7 –– –– 13.1 13.2 –– 0.6 0.9
June –– 1.1 1.1 –– –– 14.7 15.1 –– 1.6 1.7
July –– 0.7 0.7 –– –– 16.3 17.5 –– 1.1 1.2
Aug. –– 0.4 0.4 –– –– 11.0 11.7 –– 0.4 0.5
Avg. –– 2.5a 2.9a –– –– 13.8a 14.4a –– 3.6a 4.3a
1999 June –– 2.5 1.6 –– –– 5.2 7.1 –– 1.3 1.1
Aug. –– 0.3 0.2 –– –– 3.0 4.4 –– 0.1 0.1
Avg. –– 2.7a 1.8a –– –– 4.7a 6.5a –– 1.4a 1.2a
2000 May –– –– –– –– –– 0.6 1.8 –– –– ––
Avg. –– –– –– –– –– 0.6b 1.8a –– –– ––
3–year avg. –– 2.6a 2.4a –– –– 6.7a 8.0a –– 2.5a 2.8a
[a] CHECK = 0 kg–N/ha; UAN1X = 168 kg–N/ha from UAN fertilizer; MN1X = 168 kg–N/ha from layer hen manure; MN2X = 336 kg–N/ha from layer hen
manure.
[b] Mean values for each variable in the same row followed by the same letter are not significantly different at significance level of P < 0.05.
[c]
“––” means no data.
comparison with runoff amounts from plots treated with
MN2X (table 5). The amounts of runoff from plots were
generally low due to the high infiltration rate of the soil and
the gentle slope of the area (generally less than 1%). There
were no significant differences in the average runoff amounts
between the two PM (MN1X and MN2X) treatments.
In 1998, lysimeters treated with manure produced lower
amounts of subsurface drain water when compared with
lysimeters treated with UAN fertilizer (table 6). In 1999,
lysimeters treated with MN2X and UAN1X produced higher
amounts of subsurface drain water when compared with
lysimeters treated with MN1X, which may be the result of
higher infiltration rates in the MN2X lysimeters. In 2000,
there were no significant differences in the amount of
subsurface drain water from all treatments. After three years
of study, there were no significant differences in the average
amount of subsurface drain water from all the treatments.
Greater subsurface drain flows were produced from lysime-
ters when compared with field plots because no surface
runoff occurred in the lysimeters. The lysimeter walls were
higher than the soil surface and they were sealed at the bottom
and on the sides, thus most of the subsurface drain water was
collected in the sumps.
EFFECT OF LAYING HEN MANURE ON NO3–N
CONCENTRATION IN SURFACE RUNOFF AND SUBSURFACE
DRAIN WATER
During the study period (1998–2000), plots receiving
MN1X or UAN1X had significantly lower three–year
average NO3–N concentrations in subsurface drain water in
comparison with plots treated with MN2X (table 5). The
concentration of NO3–N in subsurface drain water from plots
treated with MN2X was higher in 2000 when compared with
1998 and 1999. These results agree with the results of Kanwar
and Baker (1991), who reported an increase in NO3–N
concentration with a decrease in subsurface drain water.
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Table 6. Monthly subsurface drain flow, NO3–N concentrations, and losses with subsurface
drain water from lysimeters under different N treatments.
Tile Flow (cm) NO3–N Concentration (mg/L) NO3–N Loss (kg/ha)
Year and Month UAN1X[a] MN1X MN2X UAN1X MN1X MN2X UAN1X MN1X MN2X
1998 May 1.9 1.3 1.7 9.0 2.3 13.3 1.5 0.3 2.5
June 22.1 16.9 19.9 15.5 9.6 20.6 32.9 18.6 40.5
July 4.0 2.5 3.0 21.1 14.3 32.2 8.2 3.6 9.3
Annual 28.0a[b] 20.6b 24.6b 15.3a 8.7b 22.0a 42.6a 22.4b 52.3a
1999 April 7.8 6.2 6.5 8.6 9.5 20.7 6.7 5.8 13.3
May 9.3 7.5 10.5 9.5 10.3 19.1 8.7 8.1 18.6
June 12.9 11.5 14.0 8.3 9.7 14.2 10.6 10.7 19.3
July 3.1 2.2 2.9 9.4 7.5 12.1 2.9 1.8 3.5
August 1.1 1.1 1.2 10.1 10.0 14.8 1.1 1.1 1.7
Annual 34.2a 28.5b 35.0a 9.2b 9.4b 16.2a 29.9b 27.5b 56.4a
2000 May 2.4 2.7 2.6 4.4 4.3 9.3 1.1 1.1 2.4
June 4.3 4.7 6.0 7.3 4.3 10.7 2.9 1.9 6.4
July 0.5 0.5 0.8 9.5 4.7 11.7 0.5 0.2 0.9
Annual 7.2a 7.8a 9.3a 7.1b 4.4c 10.6a 4.5b 3.3b 9.7a
3–year average 23.1a 18.9a 23.0a 10.5b 7.5c 16.3a 25.7b 17.7c 39.5a
[a] UAN1X = 168 kg–N/ha from UAN fertilizer; MN1X = 168 kg–N/ha from layer hen manure; MN2X = 336 kg–N/ha from layer hen manure.
[b] Mean values for each variable in the same row followed by the same letter are not significantly different at significance level of P < 0.05.
During the three years of study, there were no significant
differences in NO3–N concentration in runoff water from
plots treated with MN1X and MN2X (table 5). In 1998,
however, the average concentrations of NO3–N in runoff
water were greater than 10 mg/L (the drinking water standard
for NO3–N), whereas in 1999 and 2000 the NO3–N con-
centrations were less than 10 mg/L for both N treatments
from manure. Analysis of NO3–N losses with subsurface
drain water shows that during the study period, plots treated
with UAN1X or MN2X produced significantly higher
NO3–N losses with subsurface drain water when compared
with plots treated with MN1X (table 5). This was probably
due to higher subsurface drain water from the UAN1X and
MN2X treatments than from the MN1X treatments. In 2000,
the total losses of NO3–N from all N treatments were low due
to low subsurface drain flows. As expected, NO3–N losses
with surface runoff were not as high as NO3–N losses through
subsurface drain flow.
In 1998, lysimeters treated with UAN1X or MN2X
resulted in significantly higher NO3–N concentration in
subsurface drain water in comparison with lysimeters treated
with MN1X (table 6). In 1999, lysimeters treated with MN1X
or UAN1X consistently produced average NO3–N concentra-
tions of less than 10 mg/L in drain water. Similar results were
obtained in 2000. Overall results show that lysimeters treated
with MN1X produced lower NO3–N concentrations in
subsurface drain water when compared with the other N
treatments.  In 1998, lysimeters treated with UAN1X or
MN2X produced significantly higher NO3–N loss with
subsurface drain water when compared with lysimeters
treated with MN1X (table 6). In 1999 and 2000, lysimeters
treated with MN2X produced significantly higher NO3–N
loss when compared with the other N treatments. Lysimeters
treated with MN1X had the lowest three–year average
NO3–N loss with subsurface drain water in comparison with
NO3–N losses from the other N treatments.
The greater losses of NO3–N from plots and lysimeters
treated with UAN1X may be because N from UAN fertilizer
is in the inorganic form and could be readily available for
leaching, while the organic N in the manure could have been
mineralizing slowly. During the second year of application,
relatively higher losses of NO3–N were observed from plots
and lysimeters treated with MN2X compared with the first
year. The high NO3–N losses from high manure application
rates suggest that N was applied in excess of plant N
requirements.  These results are consistent with those of
Kingery et al. (1993) and Wood et al. (1996), who found that
pasture and corn receiving high, long–term applications of
PM had high concentrations and losses of NO3–N with
drainage water. The higher NO3–N concentrations in the
subsurface drain water indicate a high pollution potential of
water resources with NO3–N from plots and lysimeters
treated with either UAN fertilizer or the higher manure
application rate.
EFFECT OF LAYING HEN MANURE ON PO4–P
CONCENTRATION IN SURFACE RUNOFF AND SUBSURFACE
DRAIN WATER
The application of MN2X resulted in significantly higher
PO4–P concentrations in subsurface drain water when
compared with the application of UAN1X or MN1X
(table 7). On several occasions during the study period, field
plots treated with MN2X resulted in higher concentrations of
PO4–P(greater than 0.02 mg/L) in subsurface drain water
when compared with the other N treatments. The concentra-
tions of PO4–P in subsurface drain water from plots receiving
MN1X or UAN1X were mostly less than 0.02 mg/L, except
on a few occasions. In addition, plots treated with MN1X
gave the lowest PO4–Ploss with subsurface drain water in
comparison with plots treated with UAN1X or plots treated
with MN2X. Application of MN2X resulted in higher PO4–P
concentrations and PO4–P losses with surface runoff water
when compared with MN1X. No PO4–P losses were
computed in 2000 due to the lack of data on runoff volumes,
and no PO4–Plosses were determined from sediments
because runoff samples had little or no sediments.
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Table 7. Average PO4–P concentrations and losses with subsurface drain and surface runoff water from plots under different N treatments.
PO4–P Concentration (mg/L) PO4–P Loss (kg/ha)
Year and Month CHECK[a] UAN1X MN1X MN2X UAN1X MN1X MN2X
Subsurface drain water
1998 Apr. ––[c] 0.022 0.025 0.025 0.0015 0.0020 0.0042
May –– 0.025 0.022 0.053 0.0054 0.0054 0.0138
June –– 0.014 0.014 0.016 0.0178 0.0107 0.0099
July –– 0.007 0.015 0.009 0.0052 0.0016 0.0019
Avg. –– 0.016b[b] 0.016b 0.022a 0.0299a 0.0197a 0.0298a
1999 Apr. –– 0.012 0.009 0.019 0.0065 0.0026 0.0115
May –– 0.017 0.014 0.033 0.0041 0.0029 0.0089
June –– 0.021 0.014 0.035 0.0162 0.0054 0.0171
July –– 0.014 0.017 0.101 0.0021 0.0009 0.0148
Aug. –– 0.056 0.032 0.042 0.0014 0.0010 0.0008
Avg. –– 0.019b 0.015c 0.039a 0.0302b 0.0128c 0.0531a
2000 May 0.029 0.010 0.040 0.259 0.0006 0.0003 0.0013
June 0.017 0.011 0.011 0.016 0.0013 0.0004 0.0014
July 0.011 0.010 0.014 0.014 –– –– 0.0001
Avg. 0.020b 0.010c 0.024b 0.107a 0.0019a 0.0007a 0.0028a
3–year average 0.020b 0.017b 0.016b 0.039a 0.0207a 0.0111b 0.0286a
Runoff water
1998 May –– –– 1.381 1.011 –– 0.0621 0.0660
June –– –– 1.666 1.690 –– 0.1760 0.1920
July –– –– 1.116 1.998 –– 0.0750 0.1310
Aug. –– –– 0.480 0.709 –– 0.0170 0.0300
Avg. –– –– 1.161a 1.352a –– 0.3300a 0.4190a
1999 June –– –– 0.802 0.997 –– 0.0378 0.1160
Aug. –– –– 0.543 0.605 –– 0.0140 0.0130
Avg. –– –– 0.750b 0.918a –– 0.0518a 0.1290a
2000 May –– –– 0.400 0.663 –– –– ––
Avg. –– –– 0.400a 0.663a –– –– ––
3–year average –– –– 0.770b 0.978a –– 0.1909b 0.2740a
[a] CHECK = 0 kg–N/ha; UAN1X = 168 kg–N/ha from UAN fertilizer; MN1X = 168 kg–N/ha from layer hen manure; MN2X = 336 kg–N/ha from layer hen
manure.
[b] Mean values for each variable in the same row followed by the same letter are not significantly different at significance level of P = 0.05.
[c]
“––” means no data.
Lysimeters treated with UAN1X resulted in higher PO4–P
concentration and PO4–P loss with subsurface drain water
when compared with the PM treatments (table 8). Subsurface
drain water from lysimeters had higher PO4–P concentrations
when compared with PO4–P concentrations in subsurface
drain water from plots because, in the lysimeters, PO4–P
traveled short distances to reach the drains, whereas in the
plots, PO4–P traveled long distances, thereby very likely
causing PO4–P to be deposited/trapped in the soil profile. In
general, the results indicate that PO4–P concentrations in
surface runoff were higher when compared with PO4–P
concentrations in subsurface drain water from both plots and
lysimeters because phosphorus is immobile in the soil
profile. These results agree with previous studies (Baker et
al., 1975) that reported higher PO4–P concentrations in
surface runoff water in comparison with subsurface drain
water.
CONCLUSIONS
A study was conducted to investigate the impacts of laying
hen manure on the transport of NO3–N and PO4–P with
subsurface drain water and surface runoff from field plots and
lysimeters. Comparisons were made between the N applica-
tion rates of 168 and 336 kg–N/ha from laying hen manure
and the N application rate of 168 kg–N/ha from UAN
fertilizer. The following conclusions were drawn from this
study:
 The N application rate of 336 kg–N/ha from laying hen
manure resulted in the highest NO3–N and PO4–P
concentrations in subsurface drain water in comparison
with the N application rates of 168 kg–N/ha from UAN
fertilizer and 168 kg–N/ha from laying hen manure. The
N application rate of 168 kg–N/ha from manure resulted
in significantly lower NO3–N loss with subsurface drain
water in comparison with NO3–N loss from the other two
N treatments.
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Table 8. Monthly subsurface drain flow, PO4–P concentrations and losses with
subsurface drain water from lysimeters under different N treatments.
PO4–P Concentration (mg/L) PO4–P Loss (kg/ha)
Year and Month UAN1X[a] MN1X MN2X UAN1X MN1X MN2X
1998 May 0.296 0.024 0.017 0.072 0.003 0.003
June 0.130 0.023 0.018 0.289 0.034 0.036
July 0.155 0.010 0.008 0.070 0.003 0.002
Avg. 0.194a[b] 0.020b 0.014b 0.431a 0.040b 0.040b
1999 April 0.059 0.019 0.040 0.044 0.012 0.024
May 0.027 0.027 0.100 0.025 0.020 0.119
June 0.016 0.019 0.023 0.021 0.024 0.034
July 0.017 0.024 0.019 0.006 0.006 0.006
August 0.356 0.174 0.195 0.038 0.019 0.023
Avg. 0.095a 0.053c 0.075b 0.133a 0.081b 0.207a
2000 May 0.018 0.007 0.015 0.004 0.002 0.004
June 0.029 0.011 0.017 0.011 0.005 0.010
Avg. 0.024a 0.009b 0.016b 0.015a 0.007c 0.013b
3–year average 0.104a 0.027b 0.035b 0.193a 0.043b 0.087b
[a]
 UAN1X = 168 kg–N/ha from UAN fertilizer; MN1X = 168 kg–N/ha from layer hen manure; MN2X = 336 kg–N/ha from layer hen manure.
[b]
 Mean values for each variable in the same row followed by the same letter are not significantly different at significance level of P < 0.05.
 The N application rate of 336 kg–N/ha from laying hen
manure resulted in a higher concentration of PO4–P in
surface runoff in comparison to the lower N application
rate of 168 kg–N/ha from laying hen manure. The manure
application rate had no significant effect on NO3–N
concentration in surface runoff water. Higher
concentrations of PO4–P were observed in surface runoff
when compared with PO4–P concentration in subsurface
drain water.
 The use of laying hen manure in field plots resulted in
significantly higher corn and soybean yields when
compared with commercial N fertilizer treatment. In
addition, application of manure to lysimeters at a rate of
336 kg–N/ha resulted in significantly higher corn yields in
comparison with the N application rates of 168 kg–N/ha
from UAN fertilizer or 168 kg–N/ha from laying hen
manure. Application of manure did not result in any
significant effect on the quality of corn and soybean grains
in terms of protein, oil, and starch contents.
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